Several researchers have begun testing scientifically the concept of pathological video game use, commonly called video game "addiction." [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The American Medical Association recognized that it is worthy of study, and the American Psychiatric Association considered it for inclusion in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, but decided there was not yet sufficient research. 18 Most researchers have assumed that it would be similar to pathological gambling. The parallel seems justifiable, because both are assumed to be behavioral addictions that begin as entertainment that can stimulate emotional responses and dopamine release. 14, 19 People gamble or play video games for many reasons, including relaxation, competence, autonomy, and escape from daily concerns. 20, 21 Playing can produce "flow" states, in which the player is focused, has a sense of control, may lose a sense of time and place, and finds playing intrinsically rewarding. 22 Playing is not pathological initially but becomes pathological for some individuals when the activity becomes dysfunctional, harming the individual's social, occupational, family, school, and psychological functioning. There is by no means a consensus on this issue, however. There still is heated debate about how best to define addictions, including behavioral addictions. [23] [24] [25] The purpose of this article is not to answer that debate but to provide new data that may be useful.
A majority of studies have based a screening tool for pathological video game or Internet use on the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria for pathological gambling. 5, 7, 8, 14, 26 Although the existing studies involve different populations and measures, they are beginning to yield fairly consistent evidence for construct validity, that is, cases that would be classified as "pathological" demonstrate a pattern of correlations with other variables that cooccur (eg, poorer grades and increased hostility) or are comorbid (eg, depression and attention-deficit/hyperactivity disorder) with other addictions. 5, 16, [27] [28] [29] A national weighted sample of 1178 US youths found that 8.5% of gamers were classified as pathological gamers. 5 Other samples in other countries yielded similar proportions, including 10.3% in China, 30 8 .0% in Australia, 31 11.9% in Germany, 32 and 7.5% in Taiwan. 33 This burgeoning consistency notwithstanding, it is unclear whether this dichotomous approach is the best for screening, because most clinicians tend to focus also on the severity of symptoms. As an introductory approach to a new phenomenon, however, it is a reasonable starting place. It is critical not to pathologize behaviors needlessly; therefore, the weight of evidence would need to be strong as well as consistent. The evidence has not yet met these criteria.
Specifically, there are many issues that we need to understand before it would be reasonable to consider pathological video game use as a diagnosis in any revision to the Diagnostic and Statistical Manual of Mental Disorders. These issues include (but are not limited to) the following. (1) We need to be able to define risk and protective factors for becoming a pathological gamer and its etiology. (2) We need to understand the pattern of comorbidity with pathological gaming. Is pathological gaming a primary or a secondary problem? For example, if it is comorbid with depression, does depression increase the risk for a child to become a pathological gamer, or does pathological gaming increase the risk for depression? (It is worth noting that this is something of a false dichotomy, given that comorbid mental health issues often reinforce each other and simply treating the "first" issue does not solve the total problem.) (3) We need to understand the course of the problem. How long does it last? Is it simply a transitory (although perhaps acute) problem, or does it last for years? (4) We need to understand the typical outcomes of the problem. (5) We need to know how easily it can be overcome. If help is needed, what type of help would be most effective?
Almost all of the studies that have been conducted to date have relied on measurements at a single time point or on case studies. Unfortunately, most of the questions noted above cannot be answered with these research designs but require longitudinal studies. Furthermore, because extreme behaviors and conditions by definition affect only small proportions of the population, large samples are needed.
The present study monitored 3000 youths for 2 years, to begin to answer several of the unanswered questions. Specifically, we report on the prevalence and length of the problem, empirically identified risk and protective factors, whether the problem seems to be primary or secondary, and outcomes of both beginning and overcoming the problem.
METHODS

Participants
A total of 3034 children and adolescents in grades 3 (N ϭ 743), 4 (N ϭ 711), 7 (N ϭ 916), and 8 (N ϭ 664) in 6 primary schools and 6 secondary schools participated; 5 schools were boys' schools. These students were surveyed annually between 2007 and 2009. Parental consent was gathered by the schools. The overall participation rate was 99%. Surveys were conducted in classrooms by teachers who had been trained by the research team. Detailed procedures and demographic features are described elsewhere. 34 Of the participants who provided consent, 2998 completed a survey at time 1 (2179 boys and 819 girls; 72.6% Chinese, 14.2% Malay, 8.8% Indian, and 4.3% other races). Sixty students did not provide identifying information and were lost to follow-up monitoring (which left 2974 participants); 2605 and 2532 questionnaires were collected in years 2 and 3, respectively, which yielded attrition rates of 12.3% by time 2 and 14.7% by time 3. Comparisons of dropouts with remaining participants at time 3 showed no differences in their time 1 and time 2 levels of pathological gaming symptoms. Attrition was mainly attributable to administrative reasons, rather than students' refusal to participate. At time 1, 4 classes at each educational level were selected to participate. The students were reassigned to different classes each year, which made tracking of students difficult. Most students, however, stayed within the same schools across all 3 years.
Measures
The appendix describes the measures used. Pathological gaming was defined similarly to other American Psychiatric Association disorders, such that at least one-half of the items (5 of the 10 items) needed to be endorsed for a case to be considered pathological. 5, 7, 8, 14, 26 We were interested in examining how pathological gaming was related to several potential predictor or outcome variables, including amount of gaming, social competence, impulsivity, social phobia, depression, anxiety, parent-child relationship quality, and school performance. The questionnaires were administered in counterbalanced order.
Data Analyses
Latent growth mixture modeling was used to determine groups of students who were similar with respect to their growth trajectories in pathological gaming. Comparisons were made between the latent classes with respect to risk factors and outcome variables.
RESULTS
Most (83%) of our subjects reported playing video games at least occasionally, with an additional 10% reporting that they used to play. The average amount of time playing was 20. Table 1 ).
The average numbers of pathological gaming symptoms reported (mean Ϯ SD) were small, that is, 2.28 Ϯ 1.78 at time 1, 2.05 Ϯ 1.86 at time 2, and 1.78 Ϯ 1.80 at time 3. The number of symptoms reported was correlated moderately with the amount of playing time at each wave (r ϭ 0.33 at time 1, r ϭ 0.35 at time 2, and r ϭ 0.37 at time 3). Boys were more likely to play video games and to endorse more symptoms at each time (Table 1) . Overall, the proportions of students in our sample who would meet the 5-symptom requirement to be considered pathological gamers were 9.9% at time 1, 8.8% at time 2, and 7.6% at time 3. Boys were more likely than girls to meet this requirement at all 3 times (time 1: boys, 12.0%; girls, 4.6%; time 2: boys, 11.2%; girls, 2.6%; time 3: boys, 9.2%; girls, 3.3%; all 2 P Ͻ .001).
Longitudinal latent class analysis was conducted by using the growth mixture model analysis in Mplus 5.21 (Muthén & Muthén, Los Angeles, CA). This analyzes each child's changes across time and groups together children who change similarly. Six classes were found that fit with theoretical predictions. Multiple criteria were used to choose the 6-class model as the best fit. First, classification quality is assessed on the basis of entropy, which is a standardized summary measure, with higher values indicating more-accurate classification. Entropy continued improving with additional classes. Second, the Bayesian Information Criterion statistic becomes smaller with improved fit, and 6 classes were better than 5. Third, the bootstrap Lo-Mendell-Rubin test compares the fit with k classes and the fit with k Ϫ 1 classes, providing a P value to determine whether there is a statistically significant improvement in fit with more classes. The Bootstrap likelihood ratio test yielded nonsignificant results for both 5 and 6 classes. Fourth, the classes need to fit theoretical predictions, and each of the 6 classes was theoretically sensible.
One latent class of children fit the definition of being pathological video game players (by endorsing at least one-half [ie, 5] of the symptoms) at time 1 but dropped below that threshold by time 3 (hereafter called the ARTICLES stops group). One latent class began the study below the 5-symptom line but increased to be over it by time 3 (the starts group). One latent class began the study above the 5-symptom line and held fairly constant across 2 years (the stays group). Finally, 3 latent classes stayed below the 5-symptom line (1 remaining stable across time, 1 increasing in symptoms, and 1 decreasing in symptoms), and these 3 classes were combined (the never pathological group). Figure 1 shows the trajectories of these 4 groups. (Table 2) . Table 2 presents significant differences that seem to indicate risk factors for becoming a pathological gamer by virtue of being different particularly at time 1 and significant differences that seem to indicate outcomes of becoming a pathological gamer by virtue of being different particularly at times 2 and 3 and not at time 1.
A second series of planned comparisons were conducted for 2 groups of youths who began the study as pathological gamers, that is, those who stayed and those who stopped being pathological gamers. Table 3 presents differences that were seen between these 2 groups at time 1, which may give some hint regarding why some youths were able to stop, and differences that were seen between these 2 groups only later, which suggest outcomes of stopping pathological gaming.
The planned comparisons provide longitudinal data on risk factors, outcomes, and comorbidity and suggest some intriguing hypotheses. The patterns of results in Tables 2 and 3 demonstrate that many of the relationships between pathological gaming and other variables are not as simple as first imagined. For example, although impulsivity is a risk factor for becoming a pathological gamer, impulsivity worsens after a youth becomes a pathological gamer. Furthermore, depression, anxiety, and social phobias worsen after a youth becomes a pathological gamer and improves if an individual stops being a pathological gamer. These findings suggest that pathological gaming is not simply a symptom of other problems but contributes to those problems. To test this hypothesis, a longitudinal growth model, in which several risk factors at time 1 (weekly amount of video game play, social competence, and impulsivity) were hypothesized to predict changes in pathological gaming symptoms, which in turn were hypothesized to predict time 3 outcomes (depression, anxiety, social phobia, and school performance), with controlling for gender, was tested. Figure 2 presents the results of this hypothesized model. The model shows that amount of gaming and impulsivity significantly predict the number of pathological gaming symptoms at time 1 (pathological gaming intercept), such that more time gaming and higher impulsivity predict greater tendency to be a pathological gamer. Time 1 social competence and impulsivity also predict who changes to have more pathological gaming symptoms (pathological gaming change), such that children with lower social competence and greater impulsivity exhibit increases in their pathological gaming symptoms. Children who begin with more pathological gaming symptoms at time 1 demonstrate higher levels of depression, anxiety, and social phobia and lower grades at time 3. If they change to exhibit more pathological gaming symptoms, then this further increases their
FIGURE 1
Mean trajectories of pathological gaming symptoms for 4 distinct groups identified through latent class analysis. Therefore, pathological gaming is not simply a "phase" that most children go through.
In examination of what early predictors discriminate between those who become pathological gamers and those who do not (Table 2) , several personal characteristics and gaming habits seem to act as risk factors. Youths who are more impulsive, have lower social competence and empathy, and have poorer emotional regulation skills are more likely to become pathological gamers. This pattern fits with theoretical predictions, given that, if pathological gaming were to be classified as a disorder, it probably would be considered an impulse control disorder. Although the amount of gaming is not sufficient to define pathological gaming, 5, 35, 36 several variables related to the amount of gaming clearly differentiate individuals who are at risk of becoming pathological gamers. Youths who became pathological gamers started with an average of 31 hours of play per week, compared with 19 hours per week for those who never became pathological gamers. Going to local area network (LAN) computer centers (which are popular in Singapore) more frequently was a risk factor. These issues differentiated becoming a pathological gamer but also tended to become more discrepant over time. Furthermore, greater time 1 identification with game characters predicted becoming a pathological gamer but online gaming did not (although online gaming levels were significantly greater at time 2 and time 3).
Once players became pathological gamers, they began to have poorer grades and poorer relationships with their parents and to be exposed to more violent games ( Table 2 ). This is of concern, given that several studies have demonstrated both short-term and long-term effects of violent games on aggression. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] In this study, children who began consuming more violent games also began to have more normative beliefs about aggression, hostile attribution biases, and aggressive fantasies and to engage in more physically and relationally aggressive behaviors (they also became more likely to be victims of aggression). This pattern is mirrored for those who stop being pathological gamers; they end up with lower levels of violent game exposure (marginally significant), aggressive fantasies, and aggressive behaviors (Table 3) .
Of particular note, however, are the results regarding other mental health variables. Many clinicians think that pathological gaming is not a serious concern because it has been assumed that gaming either is a symptom of other issues or is a secondary issue. That is, many clinicians assume that children may be depressed or anxious and therefore retreat into games as a coping strategy. Our data demonstrate that this assumption is overly simplistic. Although children do use games as a coping mechanism, it is not simply a symptom of other problems. Youths who became pathological gamers ended up with increased levels of depression, anxiety, and social phobia (Table 2) . Conversely, those who
FIGURE 2
Longitudinal growth curve model, testing risk factors and outcomes of pathological gaming. VG indicates video gaming; T1, time 1; T3, time 3; ns, not significant; CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual. ϩ indicates P Ͻ .10; a, P Ͻ .05; b, P Ͻ .01; C, P Ͻ .001.
stopped being pathological gamers ended up with lower levels of depression, anxiety, and social phobia than did those who remained pathological gamers. To our knowledge, these are the first data to demonstrate that gaming predicts other mental health disorders longitudinally, rather than simply being correlated with them. Figure 2 demonstrates that these empirically defined risk factors and outcomes fit together as hypothesized; early amounts of gaming, social competence (a protective factor that is negatively related), and impulsivity predict initial pathological gaming symptoms and increases in pathological gaming, which in turn predict increased levels of depression, anxiety, and social phobia and poorer grades.
Although these data provide evidence that pathological gaming can influence other mental health issues, we expect that many of the relationships between variables are in fact reciprocal, given that many mental health disorders tend to be comorbid and mutually reinforcing. 55 That is, although children who are depressed may retreat into gaming, the gaming increases the depression, and vice versa. Longer longitudinal studies are needed to test this.
Although this study identified several risk factors for becoming a pathological gamer, we did not find a systematic pattern of protective factors that helped some pathological gamers overcome their dysfunction (Table 3) . It may be that other variables will need to be measured, or larger samples may be required to yield sufficient statistical power. Furthermore, these results will need to be replicated in other samples. It is unclear whether cultural differences limit the generalizeability of the results. The prevalence of pathological gaming is similar to that in other countries. The effects of prosocial and violent gaming are similar to those in other countries. 46 
